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(54) Incrementally preheating and lighting system for a discharge lamp 



(57) A lighting system for a fluorescent lamp (1) 
includes an inverter circuit (6, 6a or 66) having a pair of 
outputs between which is connected a resonant circuit 
of a capacitor (7) and an inductor (8) in series, with the 
lamp connected in parallel with the capacitor. An 
inversely frequency dependent voltage {Vc) is applied 
between the lamp electrodes (12 and 13) according to a 
predefined resonance characteristic. During a preheat 

FIG.l 



period (T 2 + T 3 ). which precedes a lightup period (T 4 ) 
during which the lamp is to be lit up with the commence- 
ment of an electric discharge between the lamp elec- 
trodes, the voltage is made lower in the first half (T 2 ) 
than in the second (7" 3 ), thereby averting the sudden 
f tow of a large preheating current through the filamen- 
tary lamp electrodes. 
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Description 

BACKGROUND OF THE INVENTION 

[00011 This invention relates to lighting systems for s 
discharge lamps, and pertains more particularly to a 
lighting system having an inverter and associated 
means for control of the inverter output frequency for 
harmlessly and quickly lighting up a discharge lamp as 
typified by a fluorescent lamp. io 
[0002] It has been known and practiced to incorporate 
an inverter in discharge lamp lighting systems for higher 
lighting efficiency and other purposes, as disclosed for 
example in Japanese Unexamined Patent Publication 
No. 63-1 75389. Such conventional lighting systems are 75 
alike in having a serial resonant circuit of an inductor 
and a capacitor connected across an inverter, with the 
discharge lamp connected in parallel with the capacitor. 
The discharge lamp has its pair of filamentary elec- 
trodes connected in series with the capacitor in order to 20 
be preheated. 

[0003] The magnitude of the current flowing through 
the LC resonant circuit is frequency dependent, growing 
to a maximum at a resonance frequency and diminish- 
ing in both increasing and decreasing directions from 25 
that frequency, because both inductor and capacitor of 
the resonant circuit inherently possess resistive compo- 
nents. Consequently, the voltage across the capacitor 
also maximizes at the resonance frequency, which may 
be in the range of 50-60 kHz, and diminishes in both 30 
directions from that frequency. The discharge lamp will 
therefore be lit up as the inverter output frequency is 
decremented toward the resonance frequency from a 
certain higher value, thereby causing a gradual rise in 
the voltage across the capacitor until an electric dis- 35 
charge starts between the lamp electrodes. 
[0004] As is well known, an electron radiating sub- 
stance is coated on the filamentary electrodes of the 
discharge lamp. In a lighting system including an 
inverter, the lamp electrodes are preheated as afore- 40 
said, instead of being suddenly subjected to a voltage 
high enough to initiate an electric discharge therebe- 
tween, in order to prevent the electron radiating sub- 
stance from vaporizing or scattering away from the 
filaments. Conventionally, the lamp electrodes were pre- 45 
heated for a prescribed period of time by maintaining 
the voltage across the capacitor at a constant value less 
than the voltages applied during the subsequent lightup 
period. The lamp was then lit up by, as aforesaid, decre- 
menting the inverter output frequency and thereby so 
incrementing the voltage across the capacitor until the 
lamp starts glowing with the commencement of a dis- 
charge between the lamp electrodes. 
[0005] The above conventional practice, briefly hold- 
ing the inverter output frequency constant for preheat- 55 
ing the filamentary lamp electrodes and then 
decrementing the frequency for lighting up, have proved 
unsatisfactory for accomplishing the objectives for 



which it is intended. Experiment has proved that the 
scattering or vaporizing of the electron radiating sub- 
stance does take place even by the sudden flow of a 
preheating current of reduced magnitude through the fil- 
aments, making the useful life of the lamp significantly 
shorter than in the presence of more sophisticated pre- 
heating technology. 

SUMMARY OF THE INVENTION 

[0006] The present invention aims, therefore, at the 
provision of advanced preheating technology designed 
to make the service life of fluorescent or like discharge 
lamps longer than heretofore. 

[0007] The invention also seeks to attain the first 
recited objective and, at the same time, to make it pos- 
sible to light up the lamps in a minimum of time. 
[0008] Briefly the invention may be summarized as a 
discharge lamp lighting system comprising an inverter 
circuit having a pair of outputs to be connected respec- 
tively to a pair of electrodes of a discharge lamp for pro- 
viding a variable frequency output voltage. Connected 
to the inverter circuit, a resonant circuit includes a 
capacitor with which the lamp is to be connected in par- 
allel, in order to cause an inversely frequency depend- 
ent voltage to be applied between the lamp electrodes 
according to a predefined resonance characteristic, the 
resonant circuit having a resonance frequency which is 
less than a discharge start frequency at which the lamp 
is to start glowing. Also included are preheat timer 
means for providing a preheat signal indicative of a pre- 
heat period during which the lamp is to be preheated, 
and lightup timer means for providing a lightup signal 
indicative of a lightup period during which the lamp is to 
be lit up. Connected between the preheat timer means 
and the inverter circuit, preheat control means is 
responsive to the preheat signal for changing, during 
the preheat period, the frequency of the output voltage 
of the inverter circuit from a first frequency to a second 
frequency which is less than the first frequency, the first 
and the second frequencies being both higher than the 
discharge start frequency of the lamp and holding the 
lamp unlit. Ughtup control means is connected between 
the lightup timer means and the inverter circuit and 
responsive to the lightup signal for changing, during the 
lightup period following the preheat period, the fre- 
quency of the output voltage of the inverter circuit from 
the second frequency to a third frequency which is less 
than the discharge start frequency of the lamp, in order 
that the lamp may start glowing by the time the output 
voltage of the inverter circuit reaches the third fre- 
quency. 

[0009] The invention particularly features, in the fore- 
going summary, the fact that the preheat control means 
is so made as to cause a drop from the first to the sec- 
ond frequency in the inverter output voltage during the 
preheat period preceding the lightup period. Since the 
voltage impressed across the lamp by the inverter cir- 
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curt via the resonant circuit is inversely proportional to 
the inverter output frequency, the frequency drop in the 
inverter output voltage during the preheat period means 
that the voltage across the lamp is lower at the begin- 
ning than at the end of the preheat period. There is 5 
accordingly no sudden flow of an inconveniently large 
preheating current through the lamp electrodes, realiz- 
ing a longer life of the lamp. 

[001 0] The lamp electrodes should be sufficiently but 
harmlessly preheated during the preheat period, but 10 
this preheat period should not be so long as to introduce 
a significant delay in the time required for lamp glowing. 
Thus, in one preferred embodiment of the invention, the 
inverter output voltage is held at the first frequency dur- 
ing the first half of the preheat period and at the second is 
frequency during the second half. Preheated only in two 
steps, first to a relatively low temperature and then to a 
sufficiently high temperature, the lamp electrodes will 
nevertheless suffer far less degradation than heretofore. 
[0011] During the subsequent lightup period, the 20 
mean rate of change from the second to the third fre- 
quency is made higher (more then two times in a pre- 
ferred embodiment) than that of change from the first to 
the second frequency during the lightup period. The 
lamp will therefore start glowing in a relatively short 25 
period of time despite the introduction of the incremen- 
tal preheating process. 

[0012] The above and other objects, features and 
advantages of this invention and the manner of realizing 
them will become more apparent, and the invention 30 
itself will best be understood, from a study of the follow- 
ing description and attached claims, with reference had 
to the attached drawings showing some preferable 
embodiments of the invention. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

FIG. 1 is a schematic electrical diagram, partly in 40 
block form, of the discharge lamp lighting system 
embodying the principles of the present invention; 
FIG. 2 is a block diagram of the inverter control cir- 
cuit in the FIG. 1 discharge lamp lighting system; 
FIG. 3 is a diagram of the waveforms of the gate- 45 
source voltages applied from the inverter driver cir- 
cuit to the pair of switches of the inverter circuit in 
the FIG. 1 discharge lamp lighting system; 
FIG. 4 is a graph plotting the curves of the reso- 
nance capacitor voltage against the inverter output so 
frequency when the lamp is lit and unlit; 
FIG. 5 is a diagram of waveforms that appear at var- 
ious parts of FIGS. 1 and 2 and that are useful in 
explaining the operation of the FIG. 1 discharge 
lamp lighting system; 55 
FIG. 6 is a schematic electrical diagram, partly in 
block form, of another preferred form of discharge 
lamp lighting system according to the present 



invention; 

FIG. 7 is a diagram of waveforms useful in explain- 
ing the operation of the FIG. 6 system; 
FIG. 8 is a schematic electrical diagram, partly in 
block form, of still another preferred form of dis- 
charge lamp lighting system according to the 
present invention; and 

FIG. 9 is a similar diagram of a further preferred 
form of discharge lamp lighting system according to 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

General 

[001 4] The invention will now be described more spe- 
cifically in terms of the first preferred form of discharge 
lamp lighting system illustrated in its entirety in FIG. 1 . 
Herein shown adapted for lighting up a familiar fluores- 
cent lamp 1 powered from a pair of commercial alternat- 
ing current supply terminals 2 and 3 via a power switch 
4, the lighting system broadly comprises a rectifying 
and smoothing circuit 5 connected to the a.c. supply ter- 
minals 2 and 3 for providing a direct current, an inverter 
circuit 6 for reconverting the d.c. input from the rectifying 
and smoothing circuit into an a.c. output, a capacitor 7 
and a inductor 8 forming in combination a resonance 
circuit, an inverter driver circuit 9, and an inverter control 
circuit 10 for providing a variable frequency signal to the 
inverter driver circuit 9 in order to control the frequency 
of the a.c. output from the inverter circuit 6 as required 
for preheating, lighting up, and continuously glowing the 
lamp 1 according to the principles of this invention. 
[001 5] Hereinafter in this specification the fluorescent 
lamp 1, the rectifying and smoothing circuit 5, the 
inverter circuit 6, the resonance circuit of capacitor 7 
and inductor 8, the inverter driver circuit 9, and the 
inverter control circuit 10 will be discussed in more 
detail under the separate headings. The operational 
description of the complete lighting system will follow 
the discussion of the listed components. 

Lamp 

[001 6] The fluorescent lamp 1 is of any known or suit- 
able make typically having a tubular envelope 1 1 of vit- 
reous material with a fluorescent coating on its inner 
surface, and a pair of filamentary electrodes 12 and 13 
at the opposite ends of the envelope. Both electrodes 
12 and 13 bear electron radiating coatings. The elec- 
trode 12 is shown connected between a pair of termi- 
nals 14 and 15, and the other electrode 13 between 
another pair of terminals 1 6 and 1 7. It is understood that 
the fluorescent lamp 1 is replaceable, being coupled to 
the terminals 14-17 through a conventional plug-and- 
socket connection. 



3 



5 EP 0 930 808 A2 6 



Rectifying and Smoothing Circuit 

[001 7] The rectifying and smoothing circuit 5 is shown 
to have a first input 5a connected to one commercial 
a.c. supply terminal 2 via the power switch 4, and a sec- 5 
ond input 5b coupled directly to the other ax. supply 
terminal 3. Conventionally comprising a diode rectifier 
circuit and a smoothing capacitor, both not shown, the 
rectifying and smoothing circuit 5 provides a unidirec- 
tional voltage between a pair of d.c. supply terminals 5c io 
and 5d. 

Inverter Circuit 

[0018] The inverter circuit 6 comprises a pair of elec- is 
tronic switches and Q 2 connected in series between 
the pair of d.c. output terminals 5c and 5d of the rectify- 
ing and smoothing circuit 5. and a coupling capacitor 9 
connected to the junction 18 between the switches 0 1 
and Q 2 . Greater in capacitance than the resonance 20 
capacitor 7, the coupling capacitor 19 is inserted in the 
output line of the inverter circuit 6. The electronic 
switches O-j and Q 2 are shown as well known metal 
oxide semiconductor field-effect transistors (MOS 
FETs) each having a source electrode connected to 25 
both source and body regions and essentially compris- 
ing a field-effect transistor and a diode inversely con- 
nected in parallel therewith. Alternately turned on and 
off, the pair of MOS FET switches and Q 2 conven- 
tionally functions to translate the d.c voltage from the 30 
rectifying and smoothing circuit 5 into an a.c. voltage, 
indicated by the waveform designated 20 in FIG. 1 , for 
application to the fluorescent lamp 1 . 

Resonance Circuit 35 

[001 9] The resonance capacitor 7 is connected both 
to the terminal 14 on one extremity of one filamentary 
electrode 12 of the lamp 1 and to the terminal 16 on one 
extremity of the other lamp electrode 13. Thus the reso- 40 
nance capacitor 7 is in series with the lamp electrodes 
12 and 13 and in parallel with the impedance between 
the lamp electrodes. Consequently, the voltage Vc 
across the capacitor 7 is impressed between the pair of 
lamp electrodes 12 and 13. 45 
[0020] Shown as a coil with a core, the resonance 
inductor 8 is connected via the coupling capacitor 19 
between the junction 18 of the inverter switches and 
Q 2 and the lamp terminal 15. The lamp terminal 17 is 
connected to the source electrode of the second MOS so 
FET switch Q 2 The resonance capacitor 7 and the res- 
onance inductor 8 are therefore interconnected in 
series, forming a serial resonant circuit. 
[0021] Incidentally, the inductor 8 is connected in 
series with the fluorescent lamp 1 , too, when the latter is ss 
glowing. This inductor could be connected between the 
source of the second MOS FET switch Q 2 and the lamp 
terminal 17. The coupling capacitor 19 could also be 



connected between the source of the second MOS FET 
switch Q 2 and the lamp terminal 17. Irrespective of 
whether the lamp 1 is lit or unlit, a current flows through 
the lamp electrodes 12 and 13 as long as the inverter 
circuit 6 is in operation, because the serial circuit is 
always completed which comprises the inductor 8, first 
lamp electrode 12, resonance capacitor 7 and second 
lamp electrode 13. Thus the resonance capacitor 7 per- 
forms the function of causing the lamp electrodes 12 
and 13 to be preheated when the lamp is unlit. 
[0022] As has been mentioned, the coupling capacitor 
19 is greater in capacitance than the resonance capac- 
itor 7, so much so that the capacitance of the coupling 
capacitor 19 is negligible in computing the resonance 
frequency in the output circuit of the inverter circuit 6. 
The lamp electrodes 12 and 13 can be considered elec- 
trically disconnected from each other when the lamp 1 
is unlit, so that it is the capacitance of the resonance 
capacitor 7 and the inductance of the inductor 8 that 
determine the resonance frequency of the serial reso- 
nance circuit during that time. When the lamp 1 is glow- 
ing, on the other hand, the resonance frequency is 
determined by the impedance of the lamp in addition to 
the capacitance of the capacitor 7 and the inductance of 
the inductor 8. 

[0023] Graphically represented in FIG. 4 are the rela- 
tions between the frequency / of the output voltage of 
the inverter circuit 6 and the voltage Vc across the res- 
onance capacitor 7. The curve A is the f-Vc character- 
istic when the lamp 1 is unlit, and the curve B that when 
the lamp is glowing. The curves A and B indicate that 
the capacitor voltage Vc is frequency dependent, being 
the highest, when the lamp is unlit, at the resonance fre- 
quency f 0 (e.g. 50-60 kHz). Below this resonance fre- 
quency the capacitor voltage Vc is in direct proportion 
to the inverter output frequency / and, above that fre- 
quency, in inverse proportion thereto. 
[0024] The present invention utilizes the frequency 
range of the curve A above the resonance frequency /q, 
where the capacitor voltage Vc is inversely dependent 
upon the inverter output frequency /, for soft-starting, 
preheating, and lighting up the lamp 1 . The frequency 
values and voltage values V^-V*^ indicated in 
FIG. 4 will be referred to in the course of the operational 
description of this embodiment to be set forth subse- 
quently. 

Inverter Driver Circuit 

[0025] The inverter driver circuit 9 has outputs con- 
nected to the gates and sources of the MOS FET 
inverter switches and Q 2 , conventionally providing 
signals for on-off control of these inverter switches. The 
gate-source voltages V G si and ^gs2 of the MOS FETs 
and Q 2 are as represented in FIG. 3. 
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Inverter Control Circuit 

[0026] Connected to the inverter driver circuit 9, the 
inverter control circuit 10 functions to control the fre- 
quency of the a.c. output from the inverter circuit 6 5 
through control of the rate at which the inverter switches 
and Q 2 are turned on and off. Despite the showing 
of FIG. 1 the inverter driver circuit 9 and the inverter 
control circuit 1 0 need not be separate circuits but could 
be integrated into what might be called an inverter 
switch control circuit. 

[0027] As illustrated in greater detail in FIG. 2, the 
inverter control circuit 10 may be subdivided into timer 
means 21. a glow signal generator circuit 22. voltage 
generator means 23, a voltage controlled oscillator 
(VCO) 24. and a dimmer or intensity control circuit 25. 
The timer means 21 include a soft start timer 26, a first 
preheat timer 27, a second preheat timer 28. and a 
lightup timer 29. The voltage generator means 23 
include a soft start voltage generator 30, a first preheat 
voltage generator 31 , a second preheat voltage genera- 
tor 32, a staircase voltage generator 33, and a glow volt- 
age generator 34. 

[0028] The soft start timer 26 has its output connected 
to both the soft start voltage generator 30 and the first 
preheat timer 27. The first preheat timer 27 has its out- 
put connected to both the first preheat voltage genera- 
tor 31 and the second preheat timer 28. The second 
preheat timer 28 has its output connected to both the 
second preheat voltage generator 32 and the lightup 
timer 29. The lightup timer 29 has its output connected 
to both the staircase voltage generator 33 and the glow 
signal generator circuit 22. The glow signal generator 
circuit 22 has its output connected to the glow voltage 
generator 34, to which there is also connected the out- 
put of the dimmer circuit 25. The outputs of all the volt- 
age generators 30-34 are connected to the VCO 24. 
The output of the VCO 24 is connected to the inverter 
driver circuit 9. The output frequency of the VCO 24 is 
therefore equal to that of the inverter circuit 6. 

Operation 

[0029] The operation of the FIGS. 1 and 2 lamp light- 
ing system will be better understood by referring also to 
FIG. 4 explained above and to FIG. 5, a diagram of 
waveforms appearing at various parts of the FIGS. 1 
and 2 system. Upon closure of the power switch 4, FIG. 
1 , the soft start timer 26 of the inverter control circuit 10 
will put out a pulse of duration (e.g. 10 millisec- 
onds) from time t 0 to r-j in FIG. 5, for application to both 
the soft start voltage generator 30 and the first preheat 
timer 27. 

[0030] The soft start voltage generator 30 will respond 
to this soft start pulse S 1 by producing a voltage that 
gradually drops from a first value V y at t 0 to a second 
value V 2 at t v Thereupon the VCO 24 will respond in 
turn to this gradually diminishing input voltage by putting 



out a frequency signal f ou{ , shown also in RG. 5. that 
correspondingly drops from a first frequency (e.g. 200 
kHz) at t 0 to a second frequency f 2 (e.g. 90 kHz) at f-j. 
[0031] The inverter driver circuit 9. RG. 1, will alter- 
nately turn the pair of MOS FET switches and Q 2 of 
the inverter circuit 6 on and off at a rate determined by 
the output frequency f out of the VCO 24. Therefore, as 
has been mentioned, the output frequency f of the 
inverter circuit 6 will always be the same as the output 
frequency f out of the VCO 24, dropping from the first fre- 
quency f-\ at t 0 to the second frequency f 2 at t-\. 
[0032] The effective value of the voltage Vc across the 
capacitor 7 will be V u , as in both FIGS. 4 and 5, upon 
closure of the power switch 4 at f 0 when the a.c. voltage 
of the relatively high frequency i y is impressed to the 
resonant circuit of capacitor 7 and inductor 8 in series. It 
is understood that in the illustrated embodiment, an 
electric discharge occurs in the fluorescent lamp 1 , 
when the capacitor voltage Vc is V-^, which is much 
higher than the values fyf 2 during the t^U period. The 
lamp 1 is not lit up during this period. The capacitor volt- 
age I/-! 1 at r 0 in particular is made very low compared to 
the discharge start voltage l/ 14 in order to avoid a sud- 
den application of such a voltage as might do harm to 
the filamentary lamp electrodes 12 and 13. No rushing 
current is therefore to flow through the capacitors 7 and 
19 upon closure of the power switch 4. 
[0033] Thus the / 0 -fi period T<\ may be called a soft 
start period, and the voltage a soft start voltage. 
Being intended to protect the lamp electrodes 12 and 13 
from a rushing current upon closure of the power switch, 
the soft start period t 0 -t^ can be very brief, normally to 
be set somewhere between five and twenty millisec- 
onds. 

[0034] The first preheat timer 27, on the other hand, 
will respond to the trailing edge of the soft start pulse 
by putting out a pulse S 2 which indicates by its duration 
a first preheat period T 2 lasting from f n to t 2 . Immedi- 
ately following the soft start period 7^ , the first preheat 
period T 2 is much longer, typically 400 milliseconds. 
The first preheat pulse S 2 is applied to both the first pre- 
heat voltage generator 31 and the second preheat timer 
28. 

[0035] Inputting the first preheat pulse S 2 . the first 
preheat voltage generator 31 will produce a voltage V 2 
of constant magnitude during the tyt 2 duration of that 
pulse. The output frequency / out of the VCO 24, and 
therefore the output frequency f of the inverter circuit 6, 
will therefore be constant at f 2 during the first preheat 
period T 2 . The resulting voltage Vc across the capacitor 
7 during the first preheat period T 2 will be V 12 . which is 
higher than the soft start voltage V^ but still less than 
the discharge start voltage V 14 . 
[0036] The lamp 1 will therefore be unlit but preheated 
during the first preheat period T 2 . The first preheat volt- 
age l/ 12 is only a little more than the soft start voltage 
V u , much less than the discharge start voltage V 14 , so 
that the resulting current flowing through the filamentary 



15 



20 



25 



30 



35 



AO 



45 



50 



5 



9 



EP0 930 808 A2 



10 



lamp electrodes 12 and 13 for preheating them is not of 
such great magnitude as to cause the evaporation or 
exfoliation of the electron radiating substance coaled 
thereon. 

[0037] Also inputting the first preheat pulse S 2 . the 
second preheat timer 28 will respond to its trailing edge 
and put out a second preheat pulse S3 of the duration 
T 3 , lasting from t 2 to f 3 . The second preheat period T 3 
is of the same length as the first T 2 in this particular 
embodiment. The second preheat pulse S 3 is applied to 
both the second preheat voltage generator 32 and the 
lightup timer 29. 

[0038] In response to the second preheat pulse S 3 the 
second preheat voltage generator 32 will produce a volt- 
age V 3 of constant magnitude during the f 2 -r 3 duration 
of that pulse, for delivery to the VCO 24. Both the output 
frequency f out of the VCO 24 and the output frequency 
f of the inverter circuit 6 will be constant at f 3 during the 
second preheat period 7" 3 . Just as the VCO input volt- 
age V 3 during this second preheat period T 3 is only 
slightly less than the VCO input voltage V 2 during the 
tyt 2 first preheat period T 2t so the resulting third fre- 
quency f 3 will be correspondingly less than the second 
frequency f 2 . If this second frequency is 90 kHz, as has 
been mentioned, then the third frequency f 3 may be 80 
kHz. The voltage Vc across the capacitor 7 during the 
second preheat period T 3 will be ^ 13 , a little higher than 
the first preheat voltage V 12 but still significantly less 
than the discharge start voltage V 14 . The lamp 1 will 
remain unlit, and be kept preheated, during the second 
preheat period T 3 . 

[0039] Thus the 800 milliseconds preheat period, from 
to f 3 , is shown subdivided into the 400 milliseconds 
first preheat period T 2 and the 400 milliseconds second 
preheat period 7" 3 . The capacitor voltage V^ 2 during the 
first preheat period T 2 is less than the capacitor voltage 
V 13 during the second preheat period T 3t thereby, here 
again, avoiding the sudden flow of a higher preheating 
current through the lamp filaments 12 and 1 3 at the start 
of the preheat period at f-j. 

[0040] With the subdivision of the preheat period into 
the two halves T 2 and T 3 as above, the inverter output 
frequency f is set at 90 kHz during the first half and at 80 
kHz at the second half. Since the frequency difference 
between the two halves is 10 kHz, the mean rate of fre- 
quency change during the total tyt 3 preheat period is 
as low as 12.5 Hz/msec (= 10 kHz/800 msec). Broadly 
speaking, however, the mean rate of frequency change 
during the total preheat period may be from about five to 
about 20 Hz/msec. The length of the total preheat 
period is not limited to 800 msec, either, but can range 
from about 500 to about 1 000 msec. 
[0041 ] Inputting the second preheat pulse S 3 from the 
second preheat timer 28, the lightup timer 29 will put out 
a lightup pulse S 4 in response to the trailing edge of the 
input pulse. The duration of the lightup pulse S 4 dictates 
the length of the lightup period T 4 during which the lamp 
1 is to be lit up. The lightup period 7 4 is, typically, 1 100 



msec long, lasting from t 3 to / 5 . The lightup pulse S 4 is 
applied to both the staircase voltage generator 33 and 
the glow signal generator circuit 22. 
[0042] During this lightup period T 4 as defined by the 

5 duration of the incoming lightup pulse S 4 , the staircase 
voltage generator 33 will produce a staircase voltage 
that decrements from V 3 at f 3 to V 5 at f 5 through a 
series of discrete steps. In response to this staircase 
voltage the VCO 24 will produce a frequency signal r* out 

10 that also decrements from the third frequency f 3 at f 3 to 
the fifth frequency f$ at f^. 

[0043] As has been stated, the lamp 1 is assumed to 
start glowing at the discharge start voltage V 14 in FIG. 
5. It is also indicated in this waveform diagram that the 

15 discharge start voltage V 14 is reached when the VCO 
output signal / out has the fourth frequency f 4 . Let this 
fourth, or discharge start, frequency f* 4 be 60 kHz, it 
being understood that the third frequency f 3 is 80 kHz. 
Then the fifth frequency f$ should be 50 kHz or so. It is 

20 now apparent that the lamp 1 will invariably start glow- 
ing as the VCO output frequency decrements from f 3 to 
f$ during the lightup period 7 4 . As will be noted by refer- 
ring back to FIG. 4, the discharge start frequency f A is 
slightly higher than the resonance frequency f 0 , which is 

25 55 kHz in the illustrated embodiment. 

[0044] Specifically, in this particular embodiment of 
the invention, the VCO 24 provides eighteen discrete 
frequency steps during the lightup period T 4 . The time 
duration 7a of each step is 61 msec, and a frequency 

30 difference fa from one step to the next is 1 .6 kHz. The 
mean rate of frequency change during the lightup 
period 7 4 is 27 Hz/msec, more than twice as high as 
that (12.5 Hz/msec) during the preheat period f r f 3 . 
Consequently, in the lightup period 7" 4 , the discharge 

35 start frequency f 4 at which the lamp 1 is to start glowing 
will be reached relatively quickly 
[0045] The step-by-step frequency difference fa of the 
staircase frequency signal during the lightup period T 4 
should be less than the frequency difference (10 kHz in 

40 the illustrated embodiment) from the second frequency 
fa in the first preheating period T 2 to the third frequency 
f 3 in the second preheating period T 3 . The 1 .6 kHz fre- 
quency difference fa set forth above is exemplary; 
broadly, it can be in the range of from about 0.5 kHz to 

45 about 5.0 kHz. 

[0046] The time duration Ta of each frequency step of 
the staircase signal f or / ou1 during the lightup period 7 4 
should be much less than that (400 msec in the illus- 
trated embodiment) of each preheating period 7 2 or 7 3 . 

50 The 61 msec duration set forth above is also exemplary; 
in practice, it can be in the range of from about f ive msec 
to about 100 msec. 

[0047] The length of the lightup period 7 4 should be 
from about 1000 msec to about 1500 msec, any longer 
55 period being objectionable from the standpoint of quick 
lighting of the lamp. The mean rate of frequency change 
' in the lightup period T A should be from about 20 to 
about 40 Hz/msec. 
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[0048] In the practice of the invention, commercially 
available fluorescent lamps may start glowing not 
exactly at the specified voltage but in a certain range of 
different voltages in its neighborhood. Such lamps will 
nevertheless be infallibly lit up according to this inven- 
tion as the frequency f or is decremented past the 
specified discharge start frequency. Moreover, since no 
great difference occurs from one frequency step to the 
next in the lightup period 7" 4 , the useful life of the filam- 
entary electrodes 12 and 13 of the lamp 1 is not to be 
shortened during this period, as during the soft start 
period T<\ and preheat periods T 2 and T 3 . 
[0049] The fluorescent lamp 1 of the illustrated 
embodiment will start glowing at t 4 when the inverter 
output frequency drops to f 4 , causing the capacitor volt- 
age Vc to rise to the discharge start voltage V 14 . There- 
upon the capacitor voltage Vc will drop to \Z 15 with a 
drop in the impedance between the lamp electrodes 12 
and 1 3. A resonance circuit will be formed instead which 
comprises the lamp 1 , the capacitor 7 and the inductor 
8. 

[0050] At B in FIG. 4 is shown the resonance charac- 
teristic when the lamp 1 is lit up. FIG. 4 is rather explan- 
atory, however, instead of illustrative of exact details, 
with both frequency and voltage axes partly expended 
and partly contracted. The waveforms of FIG. 5 are also 
shown partly expanded and partly contracted, in order 
to better represent the features of the invention. 
[0051 ] The lightup pulse S 4 from the timer 29 is also 
directed as aforesaid into the glow signal generator cir- 
cuit 22. The glow signal S 5 produced by this circuit 22 
will go high at / 5 in response to the trailing edge of the 
lightup pulse S 4 . 

[0052] Inputting the glow signal S5, the glow voltage 
generator 34 will provide a constant voltage V 5 to the 
VCO 24. The resulting output / out from the VCO 24 will 
be fixed at a fifth frequency f$ (e.g. 50 kHz) and remain 
at this frequency during the glow period T 5 which starts 
at f 5 and which continues as long as the lamp 1 is glow- 
ing, provided that the dimmer circuit 25 is left 
untouched. It is understood that the fifth frequency f$ is 
higher than the resonance frequency f 0 \ FIG. 5, when 
the lamp is glowing. The capacitor voltage Vc during the 
glow period T 5 will be V 16 . 

[0053] Connected to the glow voltage generator 34, 
the dimmer circuit 25 permits intensity control of the 
lamp 1 by changing the glow voltage V 5 . The capacitor 
voltages V 15 and V 16 after f 4 are therefore subject to 
change. 

[0054] Thus, in this first preferred form of lamp lighting 
system, the two preheat periods T 2 and T 3 are pro- 
vided, and the inverter output frequency /* is made lower 
in the second period T 3 than at the first T 2 , with a view 
to a longer service life of the lamp 1 . Further the differ- 
ence between the inverter output frequencies f 2 and r~ 3 
in the two preheat periods T 2 and T 3 is set at 10 kHz 
whereas the difference between the inverter output fre- 
quencies / 3 and f 5 at the beginning and end of the 



lightup period T 4 is much higher, 30 kHz. This difference 
assures both the efficient, harmless preheating of the 
lamp and the infallible lighting thereof. As an additional 
advantage, in the lightup period T 4 the rate of change 
5 from one frequency to the next is made higher than that 
in the preheat periods T 2 and 7 3 , in order that the dis- 
charge start frequency f 4 may be reached as quickly as 
possible. 

10 Second Form 

[0055] In RG. 6 the lighting system according to this 
invention is shown adapted for lighting two fluorescent 
lamps 1 and 1 a This second lamp lighting system differs 

15 from the FIGS. 1-5 system in having a slightly modified 
inverter control circuit 10a and in that an additional cir- 
cuit comprising the second lamp 1a, a second reso- 
nance capacitor 7a and a resonance inductor 8a is 
connected between the pair of outputs of the inverter 

20 circuit 6. The other details of construction are as previ- 
ously set forth with reference to FIGS. 1 and 2. 
[0056] The second lamp 1 a is identical with the first 
lamp 1, having a first filamentary electrode 12a con- 
nected between terminals 14a and 15a. and a second 

25 filamentary electrode 13a connected between terminals 
16a and 17a. The second capacitor 7a and second 
inductor 8a are also similar, at least in construction, to 
the first capacitor 7 and first inductor 8, respectively. 
[0057] Possibly, in cases where two or more lamps are 

30 connected to one and the same inverter circuit as in 
FIG. 6, there may be dissimilarities, due for example to 
manufacturing errors, between the internal impedances 
of the lamps, the capacitances of the capacitors, and 
the inductances of the inductors. In the presence of 

35 such dissimilarities the lamps might not be lit up at the 
same inverter output frequency because of different 
performance characteristics of the two resonant circuits. 
The RG. 6 system incorporates the modified inverter 
control circuit 10a such that the difference between the 

40 moments the lamps 1 and 1 a are lit up will be reduced 
to a minimum. 

[0058] Constructionally, the modified inverter control 
circuit 10a is the same as the FIG. 2 circuit 10 but oper- 
ationally differs therefrom in the magnitude of the input 
45 voltage signal i/ osc of the VCO 24 during the lightup 
period, and, in consequence, in the VCO output fre- 
quency f out and the inverter output frequency f during 
that period. 

[0059] How the modified circuit 10a operationally dif- 
50 fers from the original circuit 1 0 will be better understood 
from a comparison of FIG. 5, a waveform diagram 
explanatory of the operation of the RG. 1 system, and 
RG. 7, a similar diagram explanatory of the operation of 
the FIG. 6 system. In FIG. 5 the frequency difference fa 
55 at f 3 , the moment of transition from second preheat 
period T 3 to lightup period T 4 , is the same as the differ- 
ences between the successive staircase frequencies of 
the lightup period 7" 4 . By contrast, in FIG. 7, a frequency 
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drop fb is made to occur at t 3 , the frequency drop being 
greater than the differences fa between the staircase 
frequencies of the lightup period T A . 
[0060] Typically, in this second embodiment of the 
invention, the frequency drop fb at f 3 is eight kHz, or 10 
% of the inverter output frequency r" 3 (80 kHz) during the 
second preheat period T 3 . The first step frequency f" 3 ' of 
the staircase frequency signal during the lightup period 
T 4 is therefore 72 kHz. The f 3 -r 5 lightup period T 4 is 
1100 msec long, and the frequency f s at t$ is 50 kHz, 
both as in the first disclosed embodiment. Conse- 
quently, the mean rate of frequency change during the 
lightup period f 4 is 20 Hz/msec. Also as in the first 
embodiment, the duration 7a of each frequency step in 
the lightup period T 4 is set at 61 msec, and there are 
eighteen steps in the lightup period, so that the fre- 
quency change fa from one step to the next is 1 .2 kHz. 
[0061] Speaking broadly, however, the duration 7a of 
each step of the staircase frequency signal in the lightup 
period T A can range from about five to 100 msec, and 
the step-by-step frequency change fa from about 0.5 to 
5.0 kHz, both as in the first embodiment. The frequency 
drop fb at f 3 can also range from about five to about 20 
% of the inverter output frequency r* 3 during the second 
preheat period T 3 , and from about twice to about twenty 
times the step-by-step frequency change fa of the stair- 
case signal. 

[0062] In short this second embodiment features a 
greater drop in the inverter output frequency f at the 
beginning of the lightup period 7" 4 than in the previous 
embodiment. The greater frequency drop will cause a 
sudden increase in the magnitude of the current flowing 
through the filamentary lamp electrodes 12 and 13, pre- 
heating them to a higher temperature and making them 
readier for discharge. 

[0063] Thus, possible differences between the imped- 
ances of the lamps 1 and 1 a, and between the capaci- 
tances and inductances of the associated resonant 
circuits, the two lamps will start glowing with a minimum 
of time lag. The sudden increase in current magnitude 
must of course be less than a limit beyond which the 
lamp electrodes might suffer degradation. 

Third Form 

[0064] The third preferred form of lamp lighting system 
shown in FIG. 8 features a modified inverter circuit 6a in 
substitution for the original inverter circuit 6 of the RG 1 
system, the other details of construction being common 
in both systems. The modified inverter circuit 6a has, in 
addition to the pair of MOS FET switches and 0 2 , a 
serial circuit of two supply capacitors 41 and 42 con- 
nected across the rectifying and smoothing circuit 5. 
The supply capacitors 41 and 42 are therefore charged 
to the equal divisions of the d.c. output voltage of the 
rectifying and smoothing circuit 5. The serial, circuit of 
the inverter switches Q<\ and Q 2 is connected in parallel 
with the serial circuit of the supply capacitors 41 and 42. 



[0065] Unlike the inverter circuit 6 of the RG. 1 or 6 
system, the inverter circuit 6a has no coupling capaci- 
tor; instead, the fluorescent lamp 1 is connected via the 
resonance inductor 8 between the junction between the 
5 switches 0 1 and Q 2 and the junction between the 
capacitors 41 and 42. The resonance capacitor 7 is con- 
nected in parallel with the lamp 1 as in the foregoing 
embodiments. 

[0066] As the inverter switches and Q 2 are alter- 
io nately turned on and off by the driver circuit 9 under the 
direction of the control circuit 10, a variable frequency 
signal will appear between the junctions 1 8 and 43 for 
soft-starting, preheating, lighting up, and continuously 
glowing the lamp 1 according to the teachings of the 
is invention set forth in connection with the foregoing 
embodi merits. 

Fourth Form 

20 [0067] In RG. 9 is shown a fourth preferred form of 
lamp lighting system featuring another modified inverter 
circuit 6b, the other details of construction being sub- 
stantially, though not exactly, identical with those of the 
FIG. 1 system. The second modified inverter circuit 6b 

25 is a push-pull circuit having a t transformer Tr with a 
center-tapped primary winding and a secondary 
winding N 2 , in addition to the pair of MOS FET switches 
Q<\ and Q 2 . 

[0068] The rectifying and smoothing circuit 5 is con- 

30 nected between the center tap 50 on the transformer 
primary and the junction 18 between the inverter 
switches Q 1 and Q 2 . ^ e transformer primary A/ 1 has 
its opposite extremities connected respectively to the 
inverter switches and 0 2 . 

35 [0069] The transformer secondary N 2 has its opposite 
extremities connected respectively to the pair of filam- 
entary electrodes 12 and 13 of the fluorescent lamp 1 
via the coupling capacitor 19. Although the resonance 
capacitor 7 is connected in parallel with the lamp 1 as in 

40 all the foregoing embodiments, this system is shown to 
have no resonance inductor because of the presence of 
leakage inductance in the transformer secondary 
N 2 . However, in cases where the leakage inductance 
does not suffice for the required resonance, a separate 

45 inductor may be provided between transformer second- 
ary N 2 and lamp 1 . 

[0070] Despite the different construction of the 
inverter circuit 6b in the RG. 9 lamp lighting system, it 
will be seen that a variable frequency signal can be 
so applied from the transformer Tr to the lamp 1 according 
to the teachings of this invention. 

Possible Modifications 

55 [0071 ] The present invention is not to be limited by the 
details of the embodiments disclosed herein but permits 
modifications such as the following: 
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1 . Thr e or more, instead of two. preheat periods 
could be provided during which as many different 
inverter output frequencies were provided. 

2. The soft start voltage could.be incremented in 
discrete steps, instead of continuously as in the 
illustrated embodiments. 

3. A further modified inverter circuit could be 
employed in which a single switch is connected via 
a primary winding of a transformer between a pair 
of d.c. supply terminals, providing an a.c. output 
voltage across the secondary winding of the trans- 
former by on-off control of the single switch. 

4. A yet further modified inverter circuit could be 
employed which has four switches in bridge con- 
nection. 

[0072] All these and other modifications, alterations 
and adaptations of the illustrated embodiments are 
intended in the foregoing disclosure. It is therefore 
appropriate that the invention be construed broadly and 
in a manner consistent with the fair meaning or proper 
scope of the appended claims. 

Claims 

1. A discharge lamp lighting system comprising an 
inverter circuit (6, 6a or 6b) having a pair of outputs 
to be connected respectively to a pair of electrodes 
(12 and 13) of a discharge lamp (1) for providing a 
variable frequency output voltage, a resonant circuit 
connected to the inverter circuit and including a 
capacitor (7) with which the lamp is to be connected 
in parallel, in order to cause an inversely frequency 
dependent voltage to be applied between the lamp 
electrodes according to a predefined resonance 
characteristic, the resonant circuit having a reso- 
nance frequency (r* 0 ) which is less than a discharge 
start frequency (f 4 ) at which the lamp is to start 
glowing, preheat timer means (27 and. 28) for pro- 
viding a preheat signal (S 2 and S 3 ) indicative of a 
preheat period (T 2 + T 3 ) during which the lamp is to 
be preheated, lightup timer means (29) for provid- 
ing a lightup signal (S 4 ) indicative of a lightup 
period (7 4 ) during which the lamp is to be lit up. and 
lightup control means (33) connected between the 
lightup timer means and the inverter circuit and 
responsive to the lightup signal for changing, during 
the lightup period following the preheat period, the 
frequency of the output voltage of the inverter cir- 
cuit from the second frequency to a third frequency 
(r* 5 ) which is less than the discharge start frequency 
(f* 4 ) of the lamp, in order that the lamp may start 
glowing by the time the output voltage of the 
inverter circuit reaches the third frequency, charac- 
terized in that preheat control means (31 and 32) is 
connected between the preheat timer means and 
the inverter circuit, the preheat control means being 
responsive to the preheat signal for changing, dur- 



ing the preheat period, the frequency of the output 
voltage of the inverter circuit from a first frequency 
(/y to a second frequency (f 3 ) which is less than 
the first frequency, the first and the second frequen- 

5 cies being both higher than the discharge start fre- 

quency (f 4 ) of the lamp and holding the lamp unlit, 
whereby the voltage (V 12 ) impressed across the 
lamp at the beginning of the preheat period (7 2 + 
T3) is lower than that ( V 13 ) at the end of the preheat 

10 period. 

2. A discharge lamp' lighting system as claimed in 
claim 1 , characterized in that the mean rate of fre- 
quency change during the preheat period (T 2 + 7 3 ) 

75 is lower than that during the lightup period ( 7 4 ). 

3. A discharge lamp lighting system as claimed in 
claim 2, wherein the discharge lamp is a fluorescent 
lamp, characterized in that the mean rate of fre- 

20 quency change during the preheat period (T 2 + 7 3 ) 
is from about 5 Hz/msec to about 20 Hz/msec, and 
the mean rate of frequency change during the 
lightup period (T 4 ) is from "about 20 Hz/msec to 
about 40 Hz/msec. 

25 

4. A discharge lamp lighting system as claimed in 
claim 1, characterized in that the difference 
between the first frequency (f 2 ) and the second fre- 
quency (f 3 ) during the preheat period (7" 2 + T 3 ) is 

30 less than the difference between the second fre- 
quency and the third frequency (7*5) during the 
lightup period (7 4 ). 

5. A discharge lamp lighting system as claimed in 
35 claim 1 , characterized in that the change from the 

second frequency (/ 3 ) to the third frequency (f s ) 
during the lightup period ( T 4 ) takes place in a series 
of discrete steps, each frequency step having a 
duration (Ta) of from about 5 msec to about 100 
40 msec. 

6. A discharge lamp lighting system as claimed in 
daim 1, characterized in that the change from the 
second frequency (/ 3 ) to the third frequency (f 5 ) 

45 during the lightup period ( 7 4 ) takes place in a series 
of discrete steps, the difference (fa) in frequency 
from one step to the next being less than the differ- 
ence between the first frequency (f 2 ) and the sec- 
ond frequency (f 3 ) during the preheat period (7 2 + 

so ' 7 3 ). 

7. A discharge lamp lighting system as claimed in 
claim 6, characterized in that the step-by-step fre- 
quency difference (fa) during the lightup period (7 4 ) 

55 is from about 0.5 kHz to about 5.0 kHz. 

8. A discharge lamp lighting system as claimed in 
claim 1 , wherein the discharge lamp is a fluorescent 
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lamp, characterized in that the preheat period ( T 2 + 
7 3 ) is from ab ut 500 msec to about 1000 msec 
long. 

9. A discharge lamp lighting system as claimed in s 
claim 1 wherein the discharge lamp is a fluorescent 
lamp, characterized in that the lightup period (T 4 ) is 
from about 1000 msec to about 1500 msec long. 

10. A discharge lamp lighting system as claimed in 10 
claim 1 , characterized in that a soft start timer (26) 

is provided for providing a soft start signal indicative 
of a soft start period and that soft start control 
means (30) is connected between the soft start 
timer and the inverter circuit, the soft start control is 
means being responsive to the soft start signal for 
changing, during the soft start period, the fre- 
quency of the output voltage of the inverter circuit 
from a fourth frequency (f-j), which is higher than 
the first frequency (f 2 ). to the first frequency. 20 

11. A discharge lamp lighting system as claimed in 
claim 10, wherein the discharge lamp is a fluores- 
cent lamp, characterized in that the soft start period 
(7^) is from about 5 msec to about 20 msec long. 25 

12. A discharge lamp lighting system as claimed in 
claim 1 , characterized in that a glow signal genera- 
tor (22) is provided for providing a glow signal indic- 
ative of a glow period (7 5 ) which follows the lightup 30 
period (T 4 ) and during which the lamp is to be kept 
glowing, and that glow control means (34) is con- 
nected between the glow signal generator and the 
inverter circuit, the glow control means being 
responsive to the glow signal for holding the output 35 
voltage of the inverter circuit at the third frequency 

(f 5 ) during the glow period. 

13. A discharge lamp lighting system as claimed in 
claim 1 , wherein a second resonant circuit is con- 40 
nected to the inverter circuit (6), the second reso- 
nant circuit including a second capacitor (7a) with 
which a second discharge lamp (1a) is to be con- 
nected in parallel, characterized in that the lightup 
control means is adapted to introduce a predeter- as 
mined drop (fb) in the frequency of the output volt- 
age of the inverter circuit at the transition (f 3 ) from 

the preheat period (T 2 + 7" 3 ) to the lightup period 
(7- 4 ). 

so 

14. A discharge lamp lighting system as claimed in 
claims 1 or 13, characterized in that the frequency 
drop (fb) is from about 5 % to about 20 % of the 
second frequency (/ 3 ). 

55 

15. A discharge lamp lighting system as claimed in 
claim 13, wherein the frequency change during the 
lightup period (7 4 ) takes place in a series of dis- 



crete steps, the step-by-step frequency difference 

(fa) being less than the difference between the first 
frequency (f£ and the second frequency (f 3 ) during 
the preheat period (T 2 + T 3 ), characterized in that 
the frequency drop (fb) is greater than the step-by- 
step frequency difference (fa) during the lightup 
period. 

16. A discharge lamp lighting system as claimed in 
claim 15, characterized in that the frequency drop 

(fb) in the output voltage of the inverter circuit at the 
transition (f 3 ) from the preheat period to the lightup 
period is from about two to about 20 times the step- 
by-step frequency difference (fa) during the lightup 
period. 

17. A discharge lamp lighting system as claimed in 
claim 1, characterized in that the inverter circuit (6) 
comprises a pair of switches (Q, and 0 2 ) intercon- 
nected in series and to be connected across a 
direct current power supply (5). and coupling 
means (19) through which the discharge lamp (1) is 
to be connected in parallel with one of the switches. 

18. A discharge lamp lighting system as claimed in 
claim 1, characterized in that the inverter circuit 
(6a) comprises a pair of capacitors (41 and 42) 
interconnected in series and to be connected 
across a direct current power supply (5), and a pair 
of switches (Q^ and O-i) interconnected in series 
and connected in parallel with the serial circuit of 
the capacitors, the discharge lamp (1) being to be 
connected between a junction (43) between the 
pair of capacitors and a junction (18) between the 
pair of switches. 

19. A discharge lamp lighting system as claimed in 
claim 1, characterized in that the inverter circuit 
(Sb) comprises a transformer (Tr) having a primary 
winding (/V-j) and a secondary winding (N 2 ), and at 
least one switch through which the primary winding 
of the transformer is to be connected to a direct cur- 
rent power supply (5). the discharge lamp (1) being 
to be connected to the secondary winding of the 
transformer. 
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